Introduction {#Sec1}
============

Bladder cancer shows a high incidence and mortality that differs with gender, race, and ethnicity^[@CR1],\ [@CR2]^. Moreover, the incidence and mortality rates vary across countries due to the differences in risk factors, detection, diagnostic practices, and treatments^[@CR2]--[@CR5]^. A recent global study showed that the incidence and mortality rates had decreased in most Western countries but had increased in some eastern European and developing countries^[@CR2],\ [@CR6]^. This evidence confirms the need for continued surveillance and analysis of the patterns and trends in bladder cancer incidence, mortality, and survival among countries.

The surveillance of the epidemiology of cancers often involves analysis of their incidence and mortality. The mortality-to-incidence ratio (MIR) is a novel measure that can evaluate the cancer mortality in relation to incidence; it serves as a proxy for 1-survival^[@CR7],\ [@CR8]^. Asadzadeh Vostakolaei F. and his colleagues demonstrated that the ratio appears to be a fairly accurate simple predictor of 5-year survival rates^[@CR8]^. It was recently used to identify whether a country has a higher mortality than expected based on its incidence^[@CR7]--[@CR9]^. The MIR has also proved useful for identifying disparities in cancer screening and treatment for colorectal cancer^[@CR9]^. Its potential as an indicator in the long-term success of cancer surveillance programs has been impressive^[@CR9]^. Previous study on sex differences in bladder cancer using the GLOBOCAN 2008 database demonstrated an increased mortality in women compared to men as an apparently common phenomenon^[@CR10]^. Of the 49 countries analyzed, 53% had relative MIR (relative MIR: female MIR/male MIR) values greater than one^[@CR10]^. By contrast, only 4% of the countries had relative MIR values less than one.

The release of updated data in the GLOBOCAN 2012 database prompted us to follow up on the trends in bladder cancer, focusing especially on this gender difference. In addition, no report has yet investigated continental differences in the relative MIR or provided a comparison between developed and developing regions. In this study, we follow up the trends of MIR between countries and regions with the database of GLOBOCAN 2012. Additionally, we analyzed the relative MIR according to the region development, human development, and continents. We also included the World Health Organization ranking (WHO ranking) and total expenditure on health/GDP (e/GDP) to investigate health care disparities between countries, in order to understand the contribution of the MIR to the health care system. We hypothesize that the MIR of bladder cancer could reflect disparities in health care among countries and that the gender difference observed for the MIR in bladder cancer remains an important issue today.

Materials and Methods {#Sec2}
=====================

The data acquisition was described previously^[@CR11]^. Data were obtained from the GLOBOCAN 2012 database, maintained by the International Agency for Research on Cancer. The GLOBOCAN 2012 database is public access and provides contemporary estimates of the incidence of, mortality and prevalence from major types of cancer for 184 countries of the world. The categories of countries' developing were obtained from this database. Detailed summarized data from GLOBOCAN 2012 can be found in the article by Torre LA and his colleagues^[@CR12]^. The included criteria for the selected countries of this investigation were the availability/quality of cancer incidence and mortality information separately for men and women. We excluded countries due to lack of WHO ranking data (22 countries); low availability/quality level of data (ranking E to G for incidence or ranking 4 to 6 for mortality, 105 countries); incidence number less than 1,000. Overall, 33 countries met these criteria and were included in our analysis. Crude rates were defined as the rates per 100,000. The WHO ranking was obtained from World Health Organization's Ranking of the World's Health Systems, maintained by the World Health Organization. The e/GDP and life expectancy for 2012 were obtained from the World Health Statistics 2015, which is an annual compilation of health-related data for its 194 member states.

The method of statistical analyses was described previously^[@CR11]^. The MIR is defined as the percentage given by the ratio of the crude rate of mortalities and the crude rate of incidences. The relative MIR is defined as the ratio of the female MIR to the male MIR^[@CR10]^. The associations between the MIR and other factors among countries were estimated using simple linear regression via SPSS statistical software (version 15.0) (SPSS, Inc., Chicago, IL). A value of p \< 0.05 was considered statistically significant. Scatter plots were generated using Microsoft Excel 2010.

Results {#Sec3}
=======

The high crude rate of bladder cancer incidence and mortality in more developed regions, Europe, and the Americas {#Sec4}
-----------------------------------------------------------------------------------------------------------------

We sought a better understanding of the global trends in bladder cancer by analyzing the incidence and mortality according to different regions. The results are summarized in Table [1](#Tab1){ref-type="table"}. The overall crude rates of incidence and mortality were 6.1 and 2.3, respectively. Comparison according to the development level of the different regions revealed a higher crude rate of incidence and mortality in the more developed regions than in the less developed regions (incidence: 20.4 vs 3.0, and mortality: 6.4 vs 1.5, respectively). The trends were the same for both genders. We further analyzed the crude rates according to WHO regions and continent and found the WHO Europe region to have the highest incidence and mortality (incidence/mortality: 18.5/6.5). Among the different continents, North America had the highest incidence crude rate (21.9), but the highest mortality crude rate was found for Europe (7.1). These results showed that bladder cancer has a higher incidence and mortality crude rates in regions with high development, particularly North America and Europe.Table 1Summary of bladder cancer crude rate of incidence, mortality, and mortality-to-incidence ratio of 184 countries according to regions.RegionIncidence, numberMortality, numberIncidence, crude rate^1^Mortality, crude rate^1^Mortality-to-incidence ratioRelative MIRTotalFemaleMaleTotalFemaleMaleTotalFemaleMaleTotalFemaleMaleTotalFemaleMaleWorld429,79399,413330,380165,08442,033123,0516.12.89.32.31.23.50.380.430.381.14Development  More developed regions253,84357,766196,07779,93821,02458,91420.49.032.46.43.39.70.310.370.301.22  Less developed regions175,95041,647134,30385,14621,00964,1373.01.54.51.50.72.20.500.470.490.95WHO region categories  Africa region11,8534,1897,6646,9932,6194,3741.31.01.70.80.61.00.620.600.591.02  Americas region101,59325,89475,69928,7398,37620,36310.75.416.13.01.74.30.280.310.271.18  East Mediterranean region27,6905,78921,90113,8222,93210,8904.41.96.92.21.03.40.500.530.491.07  Europe region166,58335,143131,44058,75813,81244,94618.57.630.16.53.010.30.350.390.341.15  South-East Asia region30,7086,30224,40617,1393,56213,5771.70.72.60.90.41.40.530.570.541.06  Western Pacific region91,29422,08369,21139,60610,72728,8795.02.57.32.11.23.10.420.480.421.13Continent  Africa24,4376,75217,68513,2683,9069,3622.31.33.31.20.71.70.520.540.521.05  Latin America and Caribbean24,8447,23417,61010,1473,0697,0784.12.45.91.71.02.40.410.420.411.02  Northern America76,74918,66058,08918,5925,30713,28521.910.533.55.33.07.70.240.290.231.24  Asia148,56832,922115,64669,29416,47852,8163.51.65.31.60.82.40.460.500.451.10  Europe151,29732,932118,36552,41112,88939,52220.48.633.17.13.411.10.350.400.341.18  Oceania3,8989132,9851,37238498810.34.815.83.62.05.20.350.420.331.27^1^Crude rates were defined as the rates per 100,000.

The mortality-to-incidence ratio of bladder cancer is high in less developed regions {#Sec5}
------------------------------------------------------------------------------------

The MIR demonstrates the related outcome of patients with a specific disease; therefore, we investigated the MIR according to regions. The results are listed in Table [1](#Tab1){ref-type="table"}. The global MIR for bladder cancer was 0.38. Contrary to the findings in crude rate, the less developed regions had higher MIR values when compared to the more developed regions (0.50 and 0.31, respectively). The MIRs were higher in the WHO Africa region, the East Mediterranean region, and the Southeast Asia regions. Among the continents, Africa had the highest MIR compared to other regions (0.52). Therefore, less developed regions, African regions, the East Mediterranean region, and Southeast Asian regions had high MIR values.

A previous study that used the GLOBOCAN 2008 database found a gender difference between MIR in bladder cancer but not in kidney cancer^[@CR10]^. We investigate the change in gender difference in MIR with the updated database using the relative MIR (MIR in female/MIR in male). The relative MIR for bladder cancer was high in more developed regions (relative MIR: 1.22). Comparison of the WHO region categories and continental distributions revealed that the relative MIRs were high in the WHO American regions (1.18) and North America (1.24). However, no difference was observed for the relative MIR for kidney cancer (data not shown). These results indicated that the MIRs are higher in less developed regions and in Africa. A gender difference was also evident for the MIR for bladder cancer.

Germany has the lowest mortality-to-incidence ratio in bladder cancer {#Sec6}
---------------------------------------------------------------------

We further compared the differences in epidemiology among 33 countries. The crude rate of incidence and mortality of bladder cancer are summarized in Table [2](#Tab2){ref-type="table"}. The highest incidence and mortality rates were found for Belgium and Spain, respectively. The case numbers of incidence and mortality are listed in the Supplementary Table [1](#MOESM1){ref-type="media"}. As to the MIR and relative MIR according to the countries, United Kingdom has the highest MIR (0.56), while the Germany has the lowest MIR (0.19). The relative MIR values were higher than 1.4 for Germany, Japan, France, Republic of Korea, Austria, Switzerland, and Colombia. No country had a relative MIR value greater than 1.25 for kidney cancer (data not shown).Table 2Summary of World Health Organization ranking, total expenditure on health, life expectancy, bladder cancer incidence, mortality, and mortality-to-incidence ratio of 33 countries.CountryRankingTotal expenditure on health/GDP (%)Life expectancyIncidence, crude rate^1^Mortality, crude rate^1^Mortality-to-incidence ratioRelative MIRTotalFemaleMaleTotalFemaleMaleTotalFemaleMaleFrance111.68217.65.830.07.53.411.80.430.590.391.49Italy29.28330.011.649.19.43.915.20.310.340.311.09Spain79.38329.59.350.110.73.817.70.360.410.351.16Austria911.18125.612.439.55.83.77.90.230.300.201.49Japan1010.38417.48.127.26.03.88.40.340.470.311.52Norway119.38227.814.441.16.74.19.30.240.280.231.26Portugal129.98126.99.745.18.03.612.70.300.370.281.32Netherlands1712.78117.98.927.17.54.710.30.420.530.381.39United Kingdom189.38114.07.620.57.95.210.60.560.680.521.32Switzerland2011.48327.313.042.26.23.98.60.230.300.201.47Belgium2110.98040.315.865.89.24.613.90.230.290.211.38Colombia226.8782.61.44.01.10.71.40.420.500.351.43Sweden239.68224.712.137.57.24.210.30.290.350.271.26Germany2511.38134.616.253.86.64.58.80.190.280.161.70Israel287.48218.47.229.84.02.06.00.220.280.201.38Canada3010.98223.312.134.76.13.78.60.260.310.251.23Finland319.18120.28.132.75.12.67.70.250.320.241.36Australia328.98315.27.123.44.72.66.90.310.370.291.24Denmark3411.08031.816.747.310.06.513.50.310.390.291.36United States of America3717.07921.710.433.45.22.97.60.240.280.231.23Cuba398.67813.34.921.56.33.09.60.470.610.451.37Thailand474.5753.61.75.61.80.92.80.500.530.501.06Czech Republic487.57823.312.834.27.04.39.80.300.340.291.17Poland506.87720.89.333.18.53.514.00.410.380.420.89Korea, Republic of587.6828.43.213.62.71.53.90.320.470.291.63Egypt634.97110.64.816.45.22.48.00.490.500.491.03Belarus725.07211.34.119.74.11.47.20.360.340.370.93Argentina756.8768.64.013.43.51.65.50.410.400.410.97Ukraine797.57111.03.819.55.01.39.40.450.340.480.71Bulgaria1027.47522.59.935.97.53.012.40.330.300.350.88Brazil1259.5755.02.97.22.01.22.90.400.410.401.03Russian Federation1306.5699.74.016.44.81.98.20.490.480.500.95South African Republic1758.9603.31.84.91.30.81.90.390.440.391.15^1^Crude rates were defined as the rates per 100,000.

The gender difference for the MIR in bladder cancer was evident in countries distributed on different continents. A further comparison of the relation between the current relative MIR and previously published relative MIR for bladder cancer revealed that countries with high relative MIR according to the GLOBOCAN 2008 database were prone to have high relative MIR according to the GLOBOCAN 2012 database (R^2^ = 0.487, p \< 0.001, Fig. [1A](#Fig1){ref-type="fig"})^[@CR10]^. Interestingly, the relative MIR values significantly correlated with the male MIR values but not the female MIR values (R^2^ = 0.007, p = 0.649 for female; R^2^ = 0.343, p \< 0.001 for male, Fig. [1B and C](#Fig1){ref-type="fig"}).Figure 1The scatterplots evidenced the relative MIR calculated using the GLOBOCAN 2012 database is positively related with that obtained using the GLOBOCAN 2008 database (n = 29) (**A**). The scatterplots correlate the relative MIR with (**B**) female MIR and (**C**) male MIR.

World Health Organization ranking and total expenditure on health/GDP are significantly associated with the mortality-to-incidence ratios in bladder cancer {#Sec7}
-----------------------------------------------------------------------------------------------------------------------------------------------------------

The MIR is used for the evaluation of health care disparities, so we investigated the correlation between the MIR and WHO ranking and the e/GDP. The information about the WHO ranking, e/GDP, and life expectancy is summarized in Table [2](#Tab2){ref-type="table"}. As expected, the WHO ranking was significantly associated with the e/GDP and the life expectancy (R^2^ = 0.143, p = 0.030, R^2^ = 0.783, p \< 0.001, Fig. [2](#Fig2){ref-type="fig"}). The WHO ranking and e/GDP were also significantly associated with the crude rate of incidence and mortality (Supplementary Figures [1](#MOESM1){ref-type="media"} and [2](#MOESM1){ref-type="media"}). The countries with better ranking or e/GDP showed significant trends for a higher crude rate when compared to other countries. Countries with a high ranking and e/GDP had a low MIR (R^2^ = 0.118, p = 0.050; R^2^ = 0.234, p = 0.004, Fig. [3A and E](#Fig3){ref-type="fig"}). However, unlike the significant correlation in male, the correlation between MIR and WHO ranking or e/GDP was not significant in female (Fig. [3B, C, F, and G](#Fig3){ref-type="fig"}). The relative MIR, which shows the gender difference in MIR, indicated that a high relative MIR is found in countries with a high ranking or high e/GDP (R^2^ = 0.314, p = 0.001, R^2^ = 0.252, p = 0.003, Fig. [3D and H](#Fig3){ref-type="fig"}). The MIRs and relative MIRs are correlated with the WHO ranking and e/GDP, suggesting a role that reflects health disparities.Figure 2The association between world health organization ranking and (**A**) total expenditure on health/GDP and (**B**) life expectancy among 33 countries. Figure 3Countries with good world health organization ranking have low MIR in (**A**) both genders, (**B**) female, and (**C**) male, but have high relative MIR (**D**). Countries with high total expenditure on health/GDP have a relatively low MIR in (**E**) both genders, (**F**) female, and (**G**) male, but high relative MIR (**H**).

Discussion {#Sec8}
==========

This is the first study to demonstrate a correlation between the MIR of bladder cancer and the health care disparities among countries. We also followed up the gender differences in the MIR using an updated database. In this study, the WHO ranking and e/GDP were used as indicators of health care disparities. Our findings suggested that the better support of national health care or higher expenditures were correlated with lower MIRs for bladder cancer (Fig. [3](#Fig3){ref-type="fig"}). However, countries with good WHO ranking and e/GDP had significantly higher incidences and mortality rates (Supplementary Figures [1](#MOESM1){ref-type="media"} and [2](#MOESM1){ref-type="media"}). Our results indicate the importance of health care or the health care system in bladder cancer prognosis, even though detailed information about the differences in treatment interventions between countries was not available to our study. Notably, countries that were more developed, and had good WHO rankings and e/GDP had significantly higher incidences and mortality rates, in agreement with many global investigations^[@CR5],\ [@CR13],\ [@CR14]^. These findings could be associated with occupational and environmental exposures to carcinogens, such as heavy metals, aromatic amines, organic solvents, or indoor pollutants that are known to contribute to the risk of bladder cancer^[@CR15]--[@CR18]^. Otherwise, more access to diagnostic procedures such as cystoscopy and transurethral resection in more developed countries might also contribute to this finding. However, in the developing countries, advanced and aggressive bladder cancer patients, who are dying from the disease, would be more prone to be diagnosed and recorded than those with less aggressive disease representing the majority of bladder cancer, which would be the biases the MIR upward.

Among 33 countries, United Kingdom has the highest MIR (0.56, 0.68, and 0.52; total, female, and male, respectively). Compared with previous data analyzed according to the GLOBCAN 2008, the MIR of United Kingdom increased (0.49, 0.62, and 0.44; total, female, and male, respectively)^[@CR10]^. The reason of high bladder cancer MIR in United Kingdom is unclear. Though, there are 61 countries with higher bladder cancer MIR than the one of United Kingdom among all 184 countries analyzed in GLOBCAN 2012, none of them has better WHO ranking than the ranking of United Kingdom. More detail analysis of the diagnosis, treatment intervention, and death cause of bladder cancer in United Kingdom would be necessary.

The gender difference observed in the incidence and mortality of bladder cancer is an important issue^[@CR10],\ [@CR14]^. The updated database revealed a similar phenomenon in our study. Countries with high relative MIR determined from the previous database were also prone to have a high relative MIR according to GLOBOCAN 2012 (Fig. [1A](#Fig1){ref-type="fig"}). The underlying etiology of this phenomenon remains unclear, but possible factors could include smoking habits, tumor biology, occupational risk factors, and sex steroid hormones and their receptors^[@CR5],\ [@CR14],\ [@CR19]^. However, we also noticed that countries with a high relative MIR did not have a higher female MIR when compared to other countries. Therefore, we considered that this phenomenon represented a contribution by male patients, but not female. The relative MIRs significantly correlated with the male MIR but not the female MIR, which further supported this idea (Fig. [1A and B](#Fig1){ref-type="fig"}).

A recent collaborative review indicated that women suffering from hematuria experienced a significantly greater delay in urologic referral and underwent guideline-concordant imaging less frequently when compared with men^[@CR5]^. This would reduce the contribution of the health or health care system variance in the MIR. Indeed, the association between the MIR and WHO ranking and e/GDP was not significant in females (Fig. [3](#Fig3){ref-type="fig"}). The male patients had more available diagnostic surveys in countries with good health care systems, so the reduction in the MIR contributed to the trend in the relative MIR shown in our study.

The MIR of colorectal and prostate cancer has been confirmed as an indicator of health disparities among countries by the linkage between the MIR and the WHO ranking^[@CR9],\ [@CR11]^. In our study, we also included the e/GDP to represent health disparities. To the best of our knowledge, this is the first study to correlate the MIR and e/GDP. As expected, countries with better WHO ranking had higher e/GDP and longer life expectancy. Furthermore, in countries with better health support, the MIRs are significantly lower. Ours findings strengthen the role of the bladder cancer MIR in predicting health care disparities.

One limitation of our study is that not all countries were included in the analysis. The MIR is more available but with more bias in the analysis and collection of database^[@CR8]^. Therefore, the limitation of using MIR but not the follow up prognosis would be considered and age-standardized rates should be further investigated^[@CR8]^. Moreover, the different coding of attributed death cause might also affect the result. To reduce this effect, we included countries according to the data quality. The limited information about incidence and mortality meant that the characteristics of clinical stage, treatment intervention, pathology categories, and baseline data were not measured. Furthermore, the use of the WHO ranking and e/GDP to represent the health care or health care system of countries is not sufficiently specific.

In this study, we provided the evidence that the gender difference and low MIR of bladder cancer between countries with good WHO rankings and high e/GDP in their health care systems confirmed the effect of cancer care disparities in the prognosis of bladder cancer. Further investigation with much greater detail and focus data is needed to validate our findings and provide strategy to improved clinical outcome.
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